This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the apphcant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report tlie images to the 
Image Problem Mailbox. 



Record Display Form 



wysiwyg://404/http://westbrs:8002/bin/g..=&p_Message=&p_doccnt=l&p_doc_l=PTFFULL 




End of Result Set 



□ 



Generate Collection 



Print 



Ll: Entry 1 of 1 



File: DWPI 



Sep 11, 1998 



DERWENT-ACC-NO: 1998-548739 
DERWENT-WEEK: 19984 7 

COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Third group nitride semiconductor device for LED, semiconductor laser - 
includes two types of impurities with predetermined contents to buffer layer, formed 
on single crystal sxibstrate 

PATENT -ASSIGNEE : 

ASSIGNEE CODE 
FUJI ELECTRIC CO LTD FJIE 

PRIORITY -DATA: 1997 JP-0055590 (February 24, 1997) 
PATENT -FAMILY: 

PUB-NO PUB-DATE LANGUAGE PAGES MAIN- IPC 

JP 10242586 A September 11, 1998 009 H01S003/18 

APPLICATION- DATA : 

PUB -NO APPL-DATE APPL-NO DESCRIPTOR 

JP 10242586A February 24, 1997 1997 JP- 0055590 

INT-CL (IPC) : HOI L 21/203; HOI L 21/205; HOI L 33/00; HOI S 3/18 



ABSTRACTED -PUB -NO: JP 10242586A 
BASIC-ABSTRACT: 

The device includes a buffer layer formed on a single crystal substrate. The buffer 
layer contains GaN layer or AlN layer. The substrate compound is of the form 
AlxGal-x-ylnyN where x,y represents any of the 0= 

A first impurity including one or more elements among carbon, silicon, germanium and 
oxygen and second impurity including one or more elements among magnesium, calcium, 
zinc, cadmium, mercury, sulphur .and selenium are added to the buffer layer. 

ADVANTAGE - Prevents crack generation. 

CHOSEN-DRAWING: Dwg.2/7 

TITLE-TERMS: THIRD GROUP NITRIDE SEMICONDUCTOR DEVICE LED SEMICONDUCTOR LASER TWO 
TYPE IMPURE PREDETERMINED CONTENT BUFFER LAYER FORMING SINGLE CRYSTAL SUBSTRATE 

DERWENT -CLASS: L03 Ull U12 V08 
CPI-CODES: L04-A02; L04-E03A; L04-E03B; 

EPI -CODES: Ull-COlAl; Ull-COIB; U12-A01; U12-A01B1A; U12-A01B1B; U12-A01B6; 
V08-A01A; V08-A01D; V08-A04A; 

SECONDARY-ACC-NO : 

CPI Secondary Accession Numbers: C1998-164418 
Non-CPI Secondary Accession Numbers: N1998-427967 



1 of 1 



5/23/03 10:04 AM 



Searching PAJ 



http7/www1 .ipdl.jpo.go.jp/PA1/result/detail/main/wAAAa1 8745DA41 0242586P1 .htm 



PATENT ABSTRACTS OF JAPAN 



( 1 1 )Publication number : 1 0-242586 

(43)Date of publication of application : 11. 09.1998 



1— — 

(51)Int.CI. 




HOIS 3/18 
HOIL 21/203 
HOII. 33/00 
// HOIL 21/205 




(21)Application number : 


09-055590 


(71)Applicant: 


FUJI ELECTRIC CO LTD 


(22)Date of filing: 


24.02.1997 


(72)Inventor : 


MATSUI TOSHIYUKI 






SUZUKI TAKESHI 








OI AKIHIKO 








MATSUYAMA HIDEAKI 








KAMIJO HIROSHI 



(54) GROUP III NITRIDE SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain superior crystallinity and to prevent a crack from caused, by doping an n-type 
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is doped with first impurities comprising at least one out of C, Si, Ge and O, and second impurities comprising at least one 
out of Mg, Ca, Zn, Cd, Hg, S or Se. 
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♦ NOTICES ♦ 

Japan Patent Office is not responsible for suiy 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The buffer layer which consists of GaN or AIN is minded on a single crystal substrate. Alx Gal-x-y Iny N III to 
which it comes to carry out the laminating of two or more layers which become (including [ however, ] 0<=x<=l, 0<=y<=l, 
and x=y=0) In a group nitride semiconductor device In the n type Alx Gal-x-y Iny N layer which adjoins the aforementioned 
buffer layer, carbon (C), With silicon (Si), germanium (germanium), and the 1st impurity that consists or more of at least one 
of oxygen (O), magnesium (Mg), III characterized by adding the 2nd impurity which consists or more of at least one of 
calcium (calcium), zinc (Zn), cadmium (Cd), mercury (Hg), sulfur (S), or seleniums (Se) Group nitride semiconductor device. 

[Claim 2] It is III according to claim I characterized by for the concentration of the 1st impurity of the above being 
lxl017cm-3 or 2xl019cm-3, and the concentration of the 1st impurity of the above being lxl015cm-3 or 2xl017cm-3. 
Group nitride semiconductor device. 

[Claim 3] The aforementioned substrate is III according to claim 1 or 2 characterized by the bird clapper fi-om the single 
crystal of silicon, germanium, and silicon carbide. Group nitride semiconductor device. 

[Claim 4] Above III It is III given in the claim 1 which a group nitride semiconductor device is a light emitting device 
containing n type clad layers, such as light emitting diode or a laser diode, a barrier layer, and p type clad layer, and is 
characterized by n type clad layer being an Alx Gal-x-y Iny N layer of described [ above ] n type, or 3. Group nitride 
semiconductor device. 

[Claim 5] A claim 1 or III given in 4 It is III characterized by basing membrane formation of the aforementioned Alx Gal-x-y 
Iny N on molecular beam epitaxy in the manufacture method of a group nitride semiconductor device. The manufacture 
method of a group nitride semiconductor device. 

[Claim 6] It is III according to claim 6 characterized by supplying silicon (Si), germanium (germanium), and the 2nd impurity 
of the above from an effusion cell among the 1st impurity of the above. The manufacture method of a group nitride 
semiconductor device. 

[Claim 7] The aforementioned carbon (C) is III according to claim 6 characterized by evaporating by electron beam 
irradiation. The manufacture method of a group nitride semiconductor device. 

[Claim 8] The aforementioned oxygen (O) is III. Ill according to claim 6 characterized by being introduced into the radical 
generation source of the same RF excitation as the raw material nitrogen (N) of a group nitride The manufacture method of a 
group nitride semiconductor device. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This inventions are III(s), such as a light emitting device which comes to 
carry out the laminating of the AIx Gal-x-y Iny N (0<=x, y, and x+y<=l) system semiconductor thin film on a substrate. It is 
related with a group nitride semiconductor device and its manufacture method. 
[0002] 

[Description of the Prior Art] III(s) using an Alx Gay Inl-x-y N (0<=x, y, and x+y<=I) system material controllable in the 
range whose optical energy gap it is a direct transition and is moreover 1.9-6.2eV, such as semiconductor laser and light 
emitting diode The group nitride semiconductor device is made as an experiment. Since manufacture is still impossible, the 
large-sized single crystal of GaN or AIN is above III. Although the adjustment of a grid or a coefficient of thermal expansion 
is not necessarily good for a group nitride semiconductor device, sapphire (aluminum 203), the spinel (MgAl 204), etc. are 
mainly widely used as a substrate. And control of the optical energy gap by changing the value of the valence-electron control 
of n type or p type by adding silicon (Si) and magnesium (Mg), x in Alx Gay Inl-x-y N (it may be hereafter written as 
AlGaInN), or y is possible. 

[0003] the latest III the example of a group nitride semiconductor device ~ 1 - it mentions two Drawing 6 is the cross section 
of the light emitting device of terrorism (DH) structure in the conventional simplest double (S. Nakamura et al. Japanese 
Journal of Applied Physics, vol32 (1993), L8-L1 1). The buffer layer 2 which becomes silicon on sapphire 1 which makes a 
substrate side a field (0001) from the low temperature GaN which formed membranes at 400 or 500-degree C low 
temperature first is formed. The laminating of the 1st clad layer 4 which serves as the ground layer with a thickness of 
3000nm it is thin from n type GaN at the elevated temperature of about 1000 degrees C hereafter, the barrier layer 5 with a 
thickness of 20mn it is thin fi-om p type GaInN, and the 2nd clad layer 6 which consists of p type GaN is carried out one by 
one. On the 2nd clad layer 6, p lateral-electrode layer 7a is formed. Since silicon on sapphire 1 is an insulator, etching etc. 
removes from barrier layers [ some ] 5 to the 2nd clad layer 6, and n lateral-electrode layer 7b is formed in the exposed 1st 
clad layer 4. it ♦♦♦♦♦♦♦***ed - it is ~ it is - four sides of the cut barrier layer are light-emission sides 
[0004] Drawing 7 is the cross section of the laser diode of the conventional multiplex quantum well (MQW) structure (S. 
Nakamura et al.Japanese Journal of Applied Physics, voI32 (1993), and L74-L76). The substrate side of a substrate 1 is a 
field (0001) of sapphire. First, the ground layer 3 which consists of n type GaN hereafter considering the buffer layer 2 which 
consists of n type GaN as first layer, crack suppression layer which consists of n type InGaN 3a, The 1st clad layer 4 which 
consists of n type AlGaN, light-guide layer which consists of n type GaN 4a, The laminating of barrier- layer 5q of the 
multiplex quantum well structure which consists of p type GaInN, decomposition suppression layer 6b which consists of p 
type AlGaN, light-guide layer 6a which consists of p type GaN, the 2nd clad layer 6 which consists of p type GaN, and the 
contact layer 7 which consists of p type GaN is carried out one by one. On the contact layer 7, p lateral -electrode layer 8a 
which consists of Au/Cr is formed, and n lateral-electrode layer 8b which consists of aluminum is formed in the background 
of a substrate 1 . 

[0005] In any case, after forming a buffer layer to a substrate, a ground layer is formed thickly, and it is raising the 

crystallinity of a ground layer. 

[0006] 

[Problem(s) to be Solved by the Invention] When forming membranes or growing up the c axis orientation film of the material 
which has hexagonal structure on a substrate generally, it is known that there is an inclination for the growth rate on a 
substrate to grow uniformly and in three dimensions by the direction (island-like growth). The same fact is observed also in 
hexagonal Alx Gay Inl-x-yN. By such film, surface irregularity is very large and crystallinity is also bad. In order to avoid 
this, by using the GaN film grown up at comparatively weak AIN film or low temperature of this inclination as a buffer layer, 
growth of a shaft orientations is promoted to some extent, and the good film of surface flat nature and crystallinity is obtained. 
However, if the membraneous quality is not yet enough as laser diode in the film obtained using the buffer layer and a high 
current is poured in, it is also reported that an electrode material is spread along with the grain boundary (grain boundary 
which is the collision interface of the grown-up island) resulting from island growth. For this reason, in order to obtain a good 
laser diode, it is necessary to promote growth of a shaft orientations fiirther. 

[0007] Moreover, it is the purpose which the inclination of AlGaN which carries out 3 -dimensional growth more than a GaN 
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film is strong, and improves crystallinity for this reason, and they are a buffer layer thin on a substrate, and 1 micrometer. It is 
carried out on it through two-layer [ of the ground layer which consists of thick GaN of a more than ]. In the 2nd conventional 
example ( drawing 6 ), the lOOnm GaInN layer is further formed as a crack suppression layer on a ground layer. 
[0008] However, when a substrate with a coefficient of thermal expansion smaller than GaAlInN system material is used, a 
lattice constant pulls in a GaAlInN film to a case using a substrate smaller than GaAlInN system material, stress occurs, and a 
crack arises on a film depending on the thickness of the whole AlGaInN film. For example, GaAlInN thickness is 1 .5 
micrometers, when 6nm of AIN buffer layers is formed on Si (1 1 1) substrate and a GaAlInN film is formed on it. The crack 
was observed above, in producing laser diode, in order to give an effect in slight optical closing depth, about 500nm is 
required for clad layer thickness, and it is set to I050nm by clad and the barrier layer with DH structure also considering the 
thickness of a well and a barrier layer it is thin in the structure which sandwiched the barrier layer by two-layer [ of the clad 
layer of n type and p type ] as about 50nm And the whole thickness is 3 micrometers by forming p type GaN on p type clad 
layer, in order to improve that the GaN layer described in the top goes into the bottom of n type clad layer with actual element 
structure, and the contact of an electrode which receives p type. It becomes near. In this thickness, when Si is used for a 
substrate, a crack occurs certainly. 

[0009] As one of the methods of suppressing crack initiation, it is making thickness of a semiconductor device thin, and if n 

type clad layer can be directly formed on the thin buffer layer formed on the substrate, it will become possible to prevent a 

crack. In order to form n type clad layer directly on a buffer layer, 3-dimensional growth (island-tike growth) is suppressed by 

a certain method, and it is necessary to promote two-dimensional growth (growth of a shaft orientations). 

[0010] The purpose of this invention is crystalline good III. Ill which a group nitride semiconductor device and a crack do not 

produce It is in offering the manufacture method of a group nitride semiconductor device. 

[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the buffer layer which consists of GaN or 
AIN is minded on a single crystal substrate. AIx Gal-x-y Iny N III to which it comes to carry out the laminating of two or 
more layers which become (including [ however, ] 0<=x<=l, 0<=y<=l, and x=y=0) In a group nitride semiconductor device 
In the n type Alx Gal-x-y Iny N layer which adjoins the aforementioned buffer layer, carbon (C), With silicon (Si), 
germanium (germanium), and the 1st Impurity that consists or more of at least one of oxygen (O), magnesium (Mg), Suppose 
that the 2nd impurity which consists or more of at least one of calcium (calcium), zinc (Zn), cadmium (Cd), mercury (Hg), 
sulfur (S), or seleniums (Se) is added. 

[0012] The concentration of the 1st impurity of the above is lxl0I7cm-3 or 2xI019cm-3, and the concentration of the 1st 
impurity of the above is good in it being lxlOI5cm-3 or 2xl017cm-3. As for the aforementioned substrate, it is good to 
consist of a single crystal of silicon, germanium, and silicon carbide. In using these single crystal substrate itself as an 
electrode here, in order to make resistance small, it is good to adjust the carry concentration of this substrate to 
1018-1020cm-3. 

[0013] Above III A group nitride semiconductor device is a light emitting device containing n type clad layers, such as light 
emitting diode or a laser diode, a barrier layer, and p type clad layer, and n type clad layer is good in it being the Alx Gal-x-y 
Iny N layer of described [ above ] n type. Above III In the manufacture method of a group nitride semiconductor device, 
membrane formation of the aforementioned Alx Gal-x-y Iny N decides to be based on molecular beam epitaxy. 
[0014] As for silicon (Si), germanium (germanium), and the 2nd impurity of the above, to be supplied from an effusion cell is 
good among the 1st impurity of the above. As for the aforementioned carbon (C), to evaporate by electron beam irradiation is 
good. The aforementioned oxygen (O) is III. It is good to be introduced into the radical generation source of the same RF 
excitation as the raw material nitrogen (N) of a group nitride. 
[0015] 

[Embodiments of the Invention] When there are especially more amounts of Ga flux to SHUMIRESSHON of the relation 
between each amount of flux of Ga and N about GaN growth supplied to a substrate side and the crystal face in a crystal 
growth and the mechanism of a crystal growth than the amount of N flux, it is reported that two-dimensional growth 
possibility is promoted (KWang et al, Journal Applied Physics vol76 (1994), 3502-3510). This is explained as being hard to 
be influenced of a substrate side and the crystal front face in a crystal growth, therefore migration becoming easy rather than 
the state of the particle of a GaN molecule where the direction which is in the state of non-polar Ga free particle had polarity, 
when the migration of the particle on the substrate in fixed substrate temperature is considered. 

[0016] However, it will deposit that the amount of Ga flux is superfluous on a film fi-ont face in the state of Ga metal. By 
carrying out flux supply of a metal with high vapor pressure which does not deposit on a film by re-evaporation even if it 
supplies superfluously, and other metals which do not produce a defect during a crystal even if further incorporated in a film 
simultaneously with Ga, this invention can prevent the deposit of above Ga and is based on having found out promoting 
two-dimensional growth possibility. Moreover, such a crystal-growth situation consists of an element of the same family, and 
there is no change in AlN(s) and InN(s) which are the same crystal structure, and these mixed-crystal (AlGaInN) systems. 
[0017] As an element which fulfills the above two conditions, magnesium (Mg), calcium (calcium), zinc (Zn) cadmium (Cd), 
mercury (Hg), sulftir (S), and a selenium (Se) can be considered. Drawing 5 is a graph which shows the temperature 
dependence of the vapor pressure of an alloying element (R. E.Honig and D.A.Kramer, RCA Review vol30,285 (1969)). At 
about 800 degrees C which is the membrane formation temperature of AlGaInN system material, it compares with Ga and the 
vapor pressure of these elements is 104. Above, since it is high, even if it reaches a substrate, the most re-evaporates easily. 
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Moreover in order that S and Se as an acceptor may act as a donor since Mg, calcium, Zn, Cd, and Hg replace to Ga site even 
if these elements carry out little mixing into an AlGaInN system film, it is thought that the crystallinity of parem material does 

not get worse. ^ . j 

The GaN film which added Si and Mg through the AIN buffer as an example I of example 1 this invention on Si (1 1 1 ) side 
substrate was formed. The membrane formation method is the molecular-beam epitaxial (MBE) method, and obtained each 
metallic-fumes flux by investing aluminum metal, Ga metal, Si, and Mg metal in an effusion cell respectively separate as a 
start raw material, and heating them. Moreover, nitrogen radical flux was obtained using the nitrogen radical generation 
source of RP excitation. First, on Si (1 1 1) side substrate, aluminum steamy flux and nitrogen radical flux were irradiated 
simultaneously, and the AIN buffer layer of about 6nm of thickness was formed. Substrate temperature was made into 840 
degrees C Next the shutter of Ga, Si, and each effusion cell for Mg was opened simultaneously, and GaN which irradiates 
simultaneously with nitrogen radical flux and by which Si and Mg were added was formed. Substrate temperature was made 
into the same 840 degrees C as an AIN buffer layer, and Ga, Si, and cell temperature of Mg were made into 1080 degrees C, 
1 150 degrees C, and 420 degrees C. Membrane formation which does not add conventional Mg was also performed for 
comparison. In any case, thickness of GaN was set to 670nm. . . ^ vr r-, u * .vt u «• 

[0018] Drawing 1 is a microphotography (SEM photograph) in which the cross section of the GaN film on the AIN butter 
layer concerning this invention is shown, (a) is the case where both Mg and Si concerning this invention are added, and (b) is 
the case of only the conventional Si addition. At (b), although irregularity is shown in a GaN film fi-ont face, by (a), it is flat, 
and growth of a shaft orientations is promoted and by carrying out simultaneous addition of Si and Mg shows that flattenmg 
of the film front face is carried out. Thickness is 1 micrometer by adding 7 minutes and Mg by the object with which 
half-value-width measurement of the rocking curve of the field by the X diffraction (0001) of these films also added Mg to 
half-value width being 15 minutes by the film which does not add Mg. It has checked that crystallinity was improvmg, even if 

it was the following. . -,,^1-1 . 

[0019] Moreover, the component analysis by SIMS showed that the concentration m a film of Mg was 2xl017cm-3 to 
concentration 2xl019cm-3 of Si in a film. Moreover, as a result of the carrier density measurement by hole measurement, it 
was not concerned with the existence of addition of Mg, but was n type, and carrier concentration was abbreviation 
2xl019cm-3. Furthermore, Mg concentration to Si concentrafion was fixed to 1%, and although the experiment to which Si 
concentration is changed was conducted, within the limits of Si concentration lxl017-2xl019cm-3, the membraneous 
improvement by the above Mg addition was observed. 

[0020] Moreover, as a resuh of experimenting by changing only Mg concentration, when Mg concentration exceeded 
2xl017cm-3, the fall of electron mobility was seen, and Mg concentration has not observed the remarkable membraneous 
improvement by Mg addition or less [2x101 5cm - ] by three. . ^ . , 

As example 2 donor impurity, carbon (C) was used instead of Si and the GaN film which added Mg and C simultaneously was 
formed. In addition, heating evaporafion of the carbon was carried out by electron beam irradiation. As well as the case of Si 
of an example 1 when C was used as a donor impurity, the improvement in GaN membraneous quality by Mg addition was 
observed in Mg concentration 2xl015cm-3-2xl017cm-3. 

[0021] Moreover, when Mg concentration exceeded 2xl017cm-3, the fall of electron mobility was seen, and Mg 
concemration has not observed the remarkable membraneous improvement by Mg addition or less [ 2x1 01 5cm - ] by three. 
As example 3 donor impurity, germanium (germanium) was used instead of Si and the GaN film which added Mg and C 
simultaneously was formed. In addition, germanium was heated by the effusion cell like Si. As well as the case of Si when 
germanium was used for a donor impurity, the improvement in GaN membraneous quality by Mg addition was observed in 
Mg concentration 2xl015cm-3-2xl017cm-3. Moreover, Mg concentration has not observed the remarkable membraneous 
improvement by Mg addition or less [ 2x 1 0 1 5cm - ] by three. 

[0022] Moreover when Mg concentration exceeded 2xl017cm-3, the fall of electron mobility was seen, and Mg 
concentration has not observed the remarkable membraneous improvement by Mg addition or less [ 2xl015cm - ] by three. 
As example 4 donor impurity, oxygen (O) was used instead of Si and the GaN film which added Mg and C simultaneously 
was formed In addition, oxygen was introduced into the nitrogen radical generation source through the flowmeter, and 
irradiated the film as an oxygen radical with the nitrogen radical. As well as the case of Si when oxygen was used for a donor 
impurity, the improvement in GaN membraneous quality by Mg addition was observed in Mg concentration 
2xl015cm-3-2xl0I7cm-3. . . . , ^ ^ a 

Calcium (calcium) was used instead of example 5Mg, and GaN which added calcium and Si simultaneously was produced. As 
well as Mg when calcium was used, the membraneous improvement by addition of calcium was observed in calcium 
concentration 2x1015-2x10 l7cm-3. r j a n 

Zinc (Zn) was used instead of example 6Mg, and the GaN film which added Zn and Si simultaneously was formed. As well as 
Mg when Zn was used, the membraneous improvement by addition of Zn was observed in Zn concentration 

2xl015-2xl017cm-3. ... . ^ ^ ,1 

Cadmium (Cd) was used instead of example 7Mg, and GaN which added Cd and Si simultaneously was produced. As well as 
Mg when Cd was used, the membraneous improvement by addition of Cd was observed in Cd concentration 

Melcu^^Hg) w^^^ instead of example 8Mg, and GaN which added Hg and Si simultaneously was formed. As well as Mg 
when Hg was used, the membraneous improvement by addition of Hg was observed in Hg concentration 
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2xl015-2xl017cm-3. 

Sulfur (S) was used instead of example 9Mg, and GaN which added S and Si simultaneously was formed. As well as Mg 
when S was used, the membraneous improvement by addition of S was observed in S concentration 2x1 01 5-2x10 17cm-3. 
The selenium (Se) was used instead of example lOMg, and GaN which added Se and Si simultaneously was formed. As well 
as Mg when Se was used, the membraneous improvement by addition of Se was observed in Se concentration 
2xl015-2xl017cm-3. 

an example 1 1 ~ in this example, the membrane formation same about the aluminumO.2 GaO.8 N film which is a charge of n 
type clad plate as the GaN film in an example 1 was performed 

[0023] Drawing 3 is a microphotography (SEM photograph) in which the cross section of the AlGaN film on the conventional 
AIN buffer layer is shown. When the inclination to grow up in the shape of an island more than GaN is strong and it forms 
directly through an AIN buffer layer on Si (1 1 1) side substrate, as an aluminumO.2 GaO.8 N film shows drawing 3 , a film 
with intense irregularity is obtained. By usual, in order to avoid this irregularity, as the example of the conventional 
technology described, it began on the AIN buffer layer, GaN was deposited, and the aluminumO.2 GaO.8 N film was formed 
on it. However, it turns out that the effect of the crystalline improvement obtained in GaN membrane formation when Mg of 
the concentration of lxl015-2xl017cm-3 was added simultaneously can attain also in an aIuminumO.2 GaO.8 N film with 
donor impurities, such as Si. Drawing 2 is a microphotography (SEM photograph) in which the cross section of the AlGaN 
film of simultaneous addition of Si and Mg concerning this invention is shown. There is no intense irregularity and it turns out 
that it is a very flat front face. 

[0024] This effect was acquired as in an example 1 in the combination of C, germanium and O, calcium (calcium) and zinc 
(Zn) cadmium (Cd), mercury (Hg), sulfur (S), or a selenium (Se) besides Si. Based on this result, the following laser diodes 
were made as an experiment. Drawing 4 is the cross section of the laser diode of DH structure using the AlGaN film of 
simultaneous addition of Si and Mg concerning this invention. The AIN buffer 2 of 6nm of thickness is minded on the n type 
Si (1 1 1) substrate 1. Si and Mg Only the 1st clad layer 4 with a thickness of 500nm it is thin from n type aIuminumO.2 GaO.8 
N added simultaneously, the barrier layer 5 with a thickness of 50nm it is thin from additive-free GaN, the 2nd clad layer 6 
with a thickness of 500iun it is thin fi-om p type aluminumO.2 GaO.8 N which added only Mg, and Mg The laminating of the 
contact layer 7 with a thickness of lOOnm it is thin from added p type GaN was carried out. And p lateral-electrode 8a of 
Cr/Au was formed in the contact layer 7, and n lateral-electrode 8b of aluminum was formed in the background of a substrate 
1 . By carrying out the cleavage of the field ( 1 1 1 ) of Si substrate, the cleavage of the field (1 - 1 00) of AlGaInN system material 
was carried out, and this cleavage plane was made into the optical resonance side of an optical resonator. With this DH 
element, conventionally, since the needed thick GaN layer was omissible, the whole thickness was thinly made with 1 150nm, 
and the crack was not generated on a film. 

[0025] When the pulse current was passed fi-om p type GaN to Si (1 1 1) substrate at the room temperature, laser oscillation 
was able to be observed with 800mA or more of current. 

The same result was obtained, when n type germanium (1 1 1) or the SiC (0001) side was used instead of Si (1 1 1) substrate in 

example 12 example 1 1 and the same DH structure as an example 1 1 was produced. 

[0026] 

[Effect of the Invention] According to this invention, the buffer layer which consists of GaN or AIN is minded on a single 
crystal substrate. Alx Gal-x-y Iny N III to which it comes to carry out the laminating of two or more layers which become 
(including [ however, ] 0<=x<=l, 0<=y<=l, and x=y=0) In a group nitride semiconductor device In the Alx Gal-x-y Iny N 
layer which adjoins the aforementioned buffer layer, carbon (C), With silicon (Si), germanium (germanium), and the 1st 
impurity that consists or more of at least one of oxygen (O), magnesium (Mg), In order to add the 2nd impurity which consists 
or more of at least one of calcium (calcium), zinc (Zn) cadmium (Cd), mercury (Hg), sulfur (S), or seleniums (Se), 
Membranous crystallinity and morphology improve and they are III(s), such as quality Light Emitting Diode and 
semiconductor laser. A group nitride semiconductor device can be obtained. 
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1 

[mm ] m^^lCGaNttzi^A l NA-^>=5r 
^>y< y7r-^!&:frtTA li Gai-.-y I n, U (t: 
tlL. O^x^l. O^y^l. x = y = 0S:-^O) 

1-,-y I ny nmizit:^-:r^y (c) . (S 

i ) . yji^^-^M. (Ge) . (O) i7)rtiJ'^^<i: 

(Mg) . (Ca) . ffi^ (Zn) . 10 

^i. (Cd) . ?K^(Hg) . i^(S) . tL<t±-fe 
l^y (Se) £01^. 'Jf'^<thl^mLiJ^i^^J:hm2<7) 

[m^m2 3 «mm i ^wtti^jojgjgti i x i oi^cn-^ 

^:V^ L 2 X 1 Oi9cr3T'& 0 . fflfim 1 cO^«!fefiOi6J^ 
tilx 10»5cr3^:V^t2x 1 O^^cir^Th^^ltt:^ 

HltifliinMcOA 1, Gai-i-y I ny N^T 

^i^Ei^«^^t3fcV^r. l5i£Al, Gai-.-, I 
N60|i^^ti^)-^xe^:^r>--t:J:S^:i:5r#at 30 

^^ti^::tmwLti-m^6izmMcom m^it 

[mm^8] m^w^ (o) mn wm-mcomn^ 
(N) tntmmmm<7yyi^'ij)\^Mifzmx^fih 40 

[0001] 

imcomtm^^] ^^mamiti^zA 1 , Ga 

1-,-, I ny N {O^x, y3&>^x + ygl) 
[0002] 
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2 

yrij^l. 9-6. 2eV£0m-C^fflr^ig^cAl« G 
ay I ni-i-y N (O^x. yfy^-Oic-i-y^l) Mtn 

0^Ltf^f*^S*^f^?ilTV^S, GaN^AlNiT) 

^<^v^3ij5. ±ttr1^7r>^r (Ai2 03 )^xtr 

:f;KMgAl2 O4 ) ^t'im^tLXiJi<m^'^i^ti 
TV^S. -etT. :Jr>fS (Si ) (M 

g) ^»1-Sc:fc(cJ:SnS^pMc?>fi!fimi^fflK'. 
Al, Gay Ini-.-y N (OT. AlGaInNi:B& 
i,zi5^fh^'^y<m^^x.h:ibiz 

[0003] ^COIII i^^!|iJ^«sJI^£7)0i!?r 1 . 

H) 1i5§i03^&«i=^5rB@*CS>S (S.NakaiBura et a 
1. Japanese Journal of Applied Physics, vol 32 (199 

3),L8-Lii) . mm^ ioooDmt^t^yT'^ 
rmmz^ :5fe"r4oo^i>t5oox:<?5fiia'c^L 

;t®iaGaN*^ii>^^>'>''y7r^2^^-r^. iXT. 
1 0 0 0X;S^O^iaTnSGa N3&>f^^5^$ 3 0 0 
0nm£7)T*M5:^TV>«>mi:J'^'yKM4. pMGa 
I nN*^^,^S«$2 OnnCOSMS. pSGaN*-*^ 

^j:m2^y>ymeijimmM^tix\^t, %2^v 

-yKSecOitttpfflmOTTa^^fit^nXV^^,. 1?- 

vr^rmi\\i3mm:<nx\ -wnwmst^^% 

ai^-y^B 1 ^ 7 -y 4 tc nfflM^ 7 b i&m^il 

[ 0 0 0 4 ] 0 7 \mm>mM.=mp ( m q w > flijt 

OU— f^-Y^r— H^OiiOTTfc?* (S.Nakamira et a 
1. Japanese Journal of Applied Physics. vol 32 (199 
3),L74-L76 ) . ^ 1 r TiO ( 0 0 

2^©t!JC0®i:tT. mr, nMGaN*-^,^:«»T^ 
3. n^I nGaN**i^=5r^^'7-y^'Ml3a. nM 
AlGaN*><^=5:^mi^V'y b'>a4, nMGaN;&^^, 
^SrSTlWr-f KS4 a. p^Ga I nN*>4,^$^ma^ 
#F^i5ii07SM5q, pSAl GaN*-^>55r&^iffftI 
$iJ16b. pMGaN*^<i>^:S3!£;^^ b*S6a. pSG 
aN56^^>^:«.m2^7'y h'®6. pMGaN*>i^^:S3 

y^'^'M7i&Jli^li-^* ay^^'h^7<o±(cti 

Au/Cr3Ei^^>5:5p|gmi®8a^?gl£t, 

6. 

[0005] V^-mcOJ^t,, ^«tCA'77r^^^ 



3 

[0006] 

^^-ttiG a NjiS:M'.y yr-Mt ixm-t^ i: fcl 

^) ^zii^'^xm^mi}^mctt:ibi>m^tix\>^ 

ti. $^(::afft^rtp]f?)^:^^{Eii-rS'^*«*5. 

COO 07] AlGaNti. G aNmJ±iZ3}!K. 

7m^^-tm[^tm<. ,r60-t*^AlGaN^7'yH 

-/yr-mtlfin J^Lbc^^V^G a NA^^^^STMO 
2«i^:n-LT'ecO±tCff^nS. ^2<Ota!5f^fif5 (06 ) 

tci3v^Tii, rmm<^±iz^h(c^^-/^mimtLx 

1 00niH<7)Ga I nN^^r^LT^^^^)* 

[0008] tH^iJ^. m^^i^GaAl I nN^ 

GaAl I nN^ttfJiO/h^V^SrfflV^T^^tC 

ti. GaAl I nm^iz^i-^mmjjim^t. A I 
Ga I nNmco^m>m^^x-yximiz^if;i^t 

Si (lll)mi:t3AlNA./7r" 
S^6rai?gfi£L. -^COitGaA 1 I nNM?:?^^Lfc 
GaAl I nN|^;&«l. 5 ui^ VXtTm^ifm 

mm^ifii^xh*). DHmmx'iinmtpmco:^yy 

m^^50TimmtLXi>^y'y}^tm^X10 50 

nmiz^^^, ^txm^crm=fmmrc\i. nm^y^m 
conz. ±xi^tiGaNmi3^Ah:it. ^Lxpm^z 
m-^mm<7ymAmmthtiibpmi^ y -v k®±(cp 
MGeiNimm^tihzti^xf). ^comm\t3M» 
>£<(c^s, ifoK^T'tt, s^tcs i ^:m\'^tlm^f•z 
^±vm^zmii^m.-t^. 

[0009] ^m^mmthimco 1 IX 

y mi:mi}L\cm^^td:im^'^^<'yyr'-m±^w.m 
m^i-^zti^x^tiiimm<::: t mm^^j: i> . 
nm^y-/ m^^<-/yr-m±f>zmmm^-thizit. 
^M)-<oimxs<!Kjm.M: (mmM:) ^m\L. 2^ 
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mM:{eimm^^) ^m.'t&:^tfj^'m^z^ 
[00103 ^m^mwi ^ 

[0011 3 

a6tl. -itMMfithtCGaNifeiiA 1 N*-i^^^,/N'-/ 
7r--^^:n-tTAli Gai-,-, I ny N {tiitV^ 
10 O^x^l, O^y^l. x = y = OS:^tr) 

l3iB^^7 7r^tB^-t«.nSiOAU Gai-i-y 
I ny N^Cti;(^-;Kv (C) . ^>f3g (S i ) , 

{ Ge ) , i!^ (O) £0rtiP^:5:< i: t lol,:U: 
*^^>=S:SmicO?r*fi!t*5fc^tt3V7'^>'^A (Mg) . a 
fUi^^A (Ca) , ^IB(Zn) . (C 
d).;fcM(Hg).«S0|(S). t,L<ti-fePy(S 
e ) cOrt, iJ'-^< 1 1 loiyji*>i^^:SB2£7)>f^W 

20 [0012] BoiemicOTOJBj^OjgJ^til X 1 Oi7cir3 
:5rl'^U2xiOi9ciir3T'fct), BO lE^ 1 ^0?Ftifi!J*|iOJiJg 
*±1 X 1 Oi5cm-3^:V^t2x 1 Oi'cn-st'fcSfcm^ 

(o^-cvmm^ 1 018-1 o^^cm-Hz^rit^>>\ 
[0013] MfBiii ^m^mimmamt^^^ 

30 ^'^'ymiBlTiBnMiOA 1. Gai-.-y I NMX 

jjacoiii t^im^^m<om:m 

^m-^X. lifieAl, Gai-,-y In, Ncnim^lt^ 
J:tXy;l/V^^A (Ge) . i5XX/mm2<7^mi\i 

jiy^-i^'ay-tM^t^mi^^tt^t^w msA-r^ 
y (c) iimmm^xrf^^tiht^\^\ mm 
m (o) mil ^m^m^m (n) h^t^^^ 

40 [0015] 

•yi/3y*^i^>. Ga7^ y:J'XM*«N7^'y^'Xl:J:"9 
t^VvJ^t. 2<5i:7C^:gfem®$n^^t*i^$ 
^tTl^S {K.Wang et al, Journal Applied Physics vol 
76 (1994), 3502-3510) . Zfl\A. -^cO^iaStCiSft 

m.<7)G^imiml^mrc\'^h1^^fi. m^^n-:>tiG 
50 a^-nH^m^mx^^.&wmnxt/i&mM:^ 
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5 

coo 16] tz^f)K G^yy^/^xMim^lTht 

b . G a^mr^mTmmm^zmn^ Lxtto. 
^j:mj±com\>^^m. t!h{zm^i>zm*)jLttixi>^^B 

tiLti::biz&-:S\,^x^^h, tti. Z(7)Xd^^^^^ 10 
ti\^X^hW^^\ 

[00l7]];j±<r>2^^:mfz't7mbtX. -7^^ 
v'^^A (Mg) . ijfVi^^d^ (Ca) . m& {Zn)i] 

Ks^i. (cd) . (Hg) . «^ (s) . -etr 

f7)iajKtic^m$'^-r^^7r'AS(R.E.Hoiiig and D.A.K 
ramer.RCA Review vol 30. 285(1969)) . A 1 Ga I nN 

O^^tiGafcJf^TlO* m:^V^;ti6. 

mLx%>m^\z^<^m\±'mmh. a i g 

a I nN9^4't3^ni5>i07n^*«^^aAtTt. M 
g. Ca, Zn. Cd. HgtiGa-9->r hrSfti-Sfc 

xwmthfzih. mmw>i^^^\m^L^j:\^b^i. 
mmi 

bix. s i (in) ssfeiitiA 

INA-y^r-^tfrtr, SifcMg=&^llty::GaN 30 
(MBE)&rS>'?. AlifeJg, Ga^a, SU Mg 

jviz^xL. imth;ib\cx*). ^ti^tico^im^ 
^mm^'^xmmy'J^f\^yy y^^'^ni^>9c'r. s 

i (1 ll)TO«Ji(c. A\^yy y^:^bm.my 

=J/ffi^yy^y^X^:mmzmMtXmmmnmCOA 1 N 
t:. Ga, Si, i3j:tXMgffl(?5^X7a-i/'3y-t^W 40 
milMattrS i bMsi^&a^fv^GaNcT)^^ 

fr-^it, SfeiS^tiA 1 N^<yyT-mbntS4 ox: 

bL. Ga, S i , -f-LTMgiO-fe/Piajettil 08 0 
-C, 1150V. ^lX420X:bti::, \m<7)fzify. 
«^Mg^»L^V^^t,fT-oJt. v>-m(^^t> 
GaNC0llS^6 7 Onat Lfz. 
C 0 0 1 8 ] 0 1 t±*^^t::^S A 1 N yN' y 7 r 
GaN]K0Mi&^S5«S^^ (SEM^) T'i> 
0. (a) *i2fc^HBtC^«.Mgi:SicOS:Sr5:»UJt 50 
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0 . ( b ) titans i ttco^^cOJ^T*) 
^. (b) -CtiGaN]^aMCPafl3tf«J»S*« (a) Tii 
TOT'J)"9. SitMg^^fif»t&^i:twJ:Oa||li 

ifi^co^^ij^m^fi. f^mmif^^m.it^tih:ibtfm 

c:nil.iO]^xtai5]jffl*J:5 (oooDffltOP-y 

^yviff-r<^mmm^xi>. MgSraaraL^rv^irc 

ti^fflB3ti«15^TS>$i^t3*tt. Mgi&»U:'::!|%i'C 

[00 1 93 tti. SIMSti^^ffl^^^cOM:^, 1^ 
tf'COS i Olg^2 X 1 O^^cwrHznVXUsim^m^ 
it2XlO^Tca~^Xhh:ibi}^\'yti> ^ti^ 

mhh-f. nmxh*). =^^ur?i^ti*!?2 XI 019cm 

-3TS)o:t. Siz8Jgt;:*tt-«.Mg?iimi&l% 
i 31^ 1 X 1 017-2 X 1 0i9c«-3i0imi^r'ti, _hie 

coxd^j:yismiizx^^m(o\fi\±j^mm^ivn:. 

[0020 3 tfz. Ms^m.iDif^^mt^^tmLi:^':* 
fzmW:. Mg?g^2xlOi7cin-3^Si.&fcm^^i& 

m(oi&rii^i^ii>ti. ^smm^2 x i oi5ci-H:iTTti 
mmi2 

H^-^ifetLT, SicO^t*j0tC:<f-jKy (C) $: 
fflV^T, MgfcC?:|5|mcttt:tGaNlgc0^5:tT 

(TfSK^^bmm. Mgi@JS2Xl0i5ci-3-'2xi 
0^Tcjr^<O^X\ Mg»t3j:SGaN]^McO|tiI_bA« 

[0 02 1 3 tti. Mgia^2X10i7c.-3$:j|8t5 
tm^^^i&i^i^T***^'^^!, M giiJ^2 X 1 Oisci 

-3 jarrtiM gmiizxhrn^mmi^^imm^ 
^i—ymmbtx. si£0ftbr)t^y/i^'7:i»7A (G 

e) MsbCt:mmzmiLt:G3iNmD^ 
m^n-^ti. ^j:iS. GetiSi^aitCX^^L-i^'gy-b 
Ji^izXnmtt:. H:^-^!|*5tc:Ge^ffiU3t^tc 
i, SiOi^fcPeis MgigE2XlOiSca-3-2X 
1 Oi7cir3cOOTT. Mg^trJ:5GaNlgMi7)fta± 
*J«S5$tL>::, ^3tMgig^2xlOi5ci-3OT-Cti 

[00223 ^Jt, Mg©^2XlOi7ca-3$:jSx.^. 
bn=mmi^<7Myifiih^^fl. M gjg;^2 x l Oi^cn 
-3 OTTiiM g J: h'^j:Wm<ri^}:.\Xmmx% 
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^t^m. Mg?a^2Xl 0i5cr3--2xl 0»7cii-3 

Mg£OftbOtcX?;Px^A (Ca) SrffllV Cai:S i 

J^t::t>. Mgfc|«|fi|C. CajgM2X10i5'-2Xl 
Oi''cm-3cO^'CC a£0»tC:J:SjSmtfO|tq±i^SSiS 

mmme 

MgCOftbOl;:^ (Zn) ZntSiJrR^ 
MgfcNfiKC. Znjag2X10'6'-2xl 0»7 

cir3<7)MH-cz ncom\itzx mM(0}^±jmm^ti 

Mg(7)ftb0tCXrK5^i^ (Cd) ^fflV\ CdtSi 
^TOt3aaniL:tGaNfiO#^^tT-^Jt. Cdi^mv^3t 
^iZi>. M&tnmz. Cd2gS2X 1016-^2X1 
Oi7ci-3£O^T'C d£0»tC j:S)iM£0|fi|±*5|iffl:^ 

MgiOftbOt::/kM (Hg) S:fflv\ HgtSi?:^ 

tC»L^!GaN£;Ofi£M^fT-o;t. Hgi^ffiV^Jti^tC 
ii. Mgfcl^a^i;:. Hgiftg2X10i5-2xlOi7ai 

-^cowmxHs<7)mn(,zxmn<rnp\±imm^tit:. 

MgtOftbOt^lSllf (S) ^fflVK SfcSi^rTOtC^ 
Jnt:tGaNco^$rfi^o/i. SSrfflV^/ci^Ct . M 
Stmmz. Siii^2Xl 015-2 Xl0i7cir3<0lfffl 

Mscoith^iz-^uy is e) i:m>i\ SetSi$:R 
^tc»L>tGaNi;0fl£K«:i5^^:ofc, SeSrfflv^:t 
^t*>. Mgiilil^tC. Seiejg2 XI 015-^2 XI 
0 » 7cB-3i7)OTrC S e (^tttC J: ^]l©<^ltil±3E(«mfil$ 
Ml. 

m^i 1 

0.8 Nmi,z-:>i^x.mmiizmhGaNmtmm(o 

[0023] mS^imbCOA 1 N^<-x7r^±<^A 1 G 

Alo.2 Gao.8 N]KtiGaNl,:U:t;:^ttCfi£;i-t&^ 
\^im<. Si (lll)ffiS«_btCAlNM'.y7r- 
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Mmvimmm(mxjp<:fz.x a t , a i N/\'-y 7 r 

-S±Wil:A6GaN5r«^U. -eiO±tCA 1 o. 2 Ga 

t€!|*5fci:itc. lxiOi5'-2xlO»7cir3cO^£OM 
g t G a N^t;:i>v^T4l^fut*g^ 

ttl6l±cOS!im3(?5Alo.2 Gao.8 NUtfcV^Tii^T 

^h:ibm->ti, 02*i*^Jtc^&s i tusion 
mmmoA l GaN^^^Rffi^^-rm^^^ (SEM 

[0 0 24] ^0fltc:i3(tl.J:atc, S 

iOf&tC, GefcitfOt. i})Vi/^J^ (Ca) . ffi 
f&(Zn) ;<fh'5»>A (Cd) , Tie® (Hg) . «3I 
(S) . i>L<ti-bWV (Se) Offl^'^t>-frt3±>l^r 

t^l'^iut, :L<rm%^^-S\^x. \^XY<nv-^^A^ 

-Y^m^V.fZ, S4li*^tC^«.S i tMgcom 
»60A 1 GaNM$:fflV^:tDHfiim601/-if:/>f :t- 
HiOBfEra-CfcS. nSS i (111) ffltl±t3M 
20 6raiOA 1 NM'>y7T — 2S::n'Lt:S i tMg€:R^t' 
fflULfcnSAlo.z Gao.8 N3Ei»^>^$^$ 5 0 Onn 
iOmi^'^ y K^4. *ff»c7)GaN**i^^^^;^5 0 
niii07S1M5, MgCO;^^MabfcpMA 1 0, 2 Ga 
0.8 N*-^>^§©5 5 0 0niiC7)m2^7«/b'B6, Mg 
m^»L:tpMG aN*>^>^:5g$ 1 0 Ora^onv 
^'^^'bST^SMDt. ^LTayrJ'^'h^TtZtiCr 
/hnoy^^S^m^^. ms.\ommz\tA\<r>Tvm 
W^^h^miX^fZ. Si^OdlDM^^^ 
SClfctit), AlGalnN^^r^kO (1-100) 

^fMrSstOT. ^(♦ccOlS^^fl 1 SOnit^KT 

mz'^tmx.tcis^-^tL. 

C0025miaT. pSGaN**^>Si (lll)S 
«'v?;u;:^m5£^ti£t;tfcc:6. m5£8 0 0mAat-C 

iiife«fii2 

IUjf«?|l ItiJttSS i (ill) MtcOfti^OtCnM 
Ge ( 1 1 1 ) . ib^V^tiS i C (0001 ) ffi^rfflV^ 
40 T. II5S0I1 li:^l:DH^Jt5:fmL:^tC:6. RB^ 

[0026] 

\mimm ^m^^zxiwi,. m*sf^«±t3GaN 

^y:!*iAlNA>^>55:&A'y77—-l^:n-brAli Ga 
i-.-y I n, N ()t^:L. O^x^l, O^y^l, x 
-y = 0$:^tf) ipt:>^£hWmimm^fiX^£h\\\ 
^m^W^mzi^\^X. |qie^N' y7r®tcB5^ 
&AI1 Gai-.-y I fly NMtcti;5f-jKy (C) . 

(Si ) . y/i/v-T^^ (Ge) . fg^ (o) <nn 
50 ^i^=5: < i: 1 1 ol^Ui*- ^>^:«»^ 1 <rpmi^t miz-^^^ 
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i/^Ms (Mg) . (Ca) . SIS (2n) ;if 

\t^Vy (Se) <n)H. 'J^^^j:<hi>i^mJ}^h^j:hm 



[01 ] *^t3^SA 1 Ny\''y7TMJ:^0GaNJicO 
BrM$:^^mM^(SEM^)-C*>0. (a)ti 

^^^\^m^^bsi<nWi^msiLti^^ (b) 

[02 ] ^Wl^{Z%h Situ gCOl«I^»COA 1 G a 

[03 3 1 ^f^yyrm±<OA 1 GaNig<3DSr 

®$:^-rmMi?m ( SEM^) 
[04 3 S i i: M ^<m^mmK 1 G a 
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1 0 



[06 ] ( D H ) fliiico 

[07 3 m.m^m&Fi-^r (MQw) Mitou'-r^^ 

1 ^ 

2 A-y^r® 
3 

3a 
4 

4a 
5 
6 

6a 
6b 
7 

8a 
8b 



mi^-f Km 



^23b!f>f KM 



[023 



[043 






(8) 



Al.. .Ga.. .N 



AIN 

Si mwi 




(9) 



^^¥10-242586 




